To elucidate the developmental differences occurring after in vitro fertilization (IVF) 
Introduction
Pig oocytes matured in vivo and obtained by aspiration from pre-ovulatory follicles can be fertilized in vitro using fresh boar semen (Cheng et al, 1986; Yoshida, 1987; Yoshida et al, 1990; Rath, 1992) or frozen-thawed epididymal spermatozoa (Nagai et al, 1988) . Similarly, it has been shown that in vitro matured pig oocytes can be fertilized in vitro (Mattioli et al, 1988a;  Yoshida et al, 1993) . However, polyspermy (Nagai et al, 1984; Cheng, 1985; Mattioli et al, 1988a) and irregular male pronucleus formation (Motlik and Fulka, 1974; Nagai et al, 1984; Mattioli et al, 1988a; Naito et al, 1988; Wang et al, 1991) perturb early embryonic development and limit potential practical applications of IVF technology. In vivo, communi¬ cation between cumulus cells and oocytes in pig (Motlik and Fulka, 1986; Mattioli et al, 1988a, b) and bovine (Laurincik et al, 1992a, b) cumulus-oocyte complexes is required for proper maturation of the respective oocytes and plays a crucial role in regular early embryonic development (Mattioli et al, """Correspondence.
Received 17 February 1994 17 February . 1988b ). In vitro, inappropriate culture conditions lead to an abnormal distribution of the cortical granules (Mattioli et al, 1988a; Hyttel et al, 1988a; Nagai et al, 1988; Nagai and Moor, 1990; Yoshida et al, 1990) . The reduced or delayed release of specific substances from the granules is thought to be respon¬ sible for the establishment of an incomplete zona block (Cran and Cheng, 1986) .
The influence of media on nuclear maturation of pig oocytes cultured in vitro has been reported by Tsafriri and Channing (1975) , Sato et al (1977) , Racowsky and McGaughey (1982) , Eng et al. (1986) and Yoshida et al. (1989) . However, culture conditions for a complete and synchronous maturation of both nuclear and cytoplasmic compartments in pig oocytes have only partly been explored (Tsafriri et al, 1976; Meinecke and Meinecke-Tillmann, 1979; Motlik and Fulka, 1986; Moor et al, 1990; Moor, 1993) . Low rates of male pronucleus formation in pig oocytes matured and fertilized in vitro persist (Iritani et al, 1978; Nagai et al, 1984; Mattioli et al, 1988b; Yoshida et al, 1990 (Funahashi and Day, 1993) , and glutathione and cysteine (Yoshida el al, 1992b (Yoshida el al, , 1993 Naito and Toyoda, 1992) . Similar findings were observed when cumulus cells surrounded the oocyte during fertilization (Wang et al, 1991; Niwa, 1993 (Rath, 1992 (Rath, 1992 (Thibault, 1967) , or were observed after pretreatment with hCG (Hunter, 1972) or after superovulation (Laurincik et al, 1994) . Time-dependent events after fertilization in vivo were described in cows (Hyttel et al, 1988b) , rabbits (Zamboni and Mastroianni, 1966) Zuelke, 1993) .
In vivo fertilization is thought to occur soon after the arrival of the matured oocytes in the oviduct already harbouring capacitated spermatozoa (Thibault, 1967; Hunter, 1972; Laurincik et al, 1993 Laurincik et al, , 1994 . Under the conditions of our experiment, sperm penetration for in vivo matured cumulusoocyte complexes was similar to that in non-stimulated (-) (Hyttel et al, 1988b) , hamsters (Wright and Longo, 1988) and humans (Lassalle and Testart, 1991 (Bomsel-Helmreich, 1961; Nagai et al, 1984; Cheng, 1985; Mattioli et al, 1988b; Nagai and Moor, 1990; Wang et al, 1991; Zheng and Sirard, 1992) . Excessive numbers of spermatozoa at the site of fertilization have been shown to increase the probability of polyspermic penetration (Hunter and Léglise, 1971 ). Cran and Cheng (1985, 1986) (Rath, 1992) . Therefore, the number of spermatozoa was reduced in our experiment and the low incidence of polyspermy resembled the physiological condition (Hunter, 1967 (Hunter, , 1972 Laurincik et al, 1994 (Yoshida, 1992b) .
The incidence of polygyny is mainly thought to be at¬ tributed to fertilization of immature or aged oocytes (Bedford, 1982) . The time required to reach complete nuclear matu¬ ration in vitro varies considerably among immature oocytes (Sato et al, 1978; Yoshida et al, 1989) and the frequency of chromosomal abnormalities has been found to be high (McGaughey and Polge, 1971 (Yoshida et al, 1992a, b) .
